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Figure 1 (Color online) Typical structure diagram of DAS fiber [43].
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Figure 2 (Color online) DAS recordings of the first sliding sleeve activated by ball seating [46].

FZERVNFLEL AR ISR, 385 1500 R IR PR A X R
JEZE RN FLELAR 2 A 7 e ) B R 2

DAS A H 4 LU sk B+ Tk 2 R e # 5
o R IE R AL HORE 11, FHDAS 2 4 AT Ak 1 J5 4 5
2 FE AR AT () B 5D, @ DA S ik
B RS TE T BB T DS T4 B AT —
FR AT [ pA) 75 125 5 FR R, T B R E S TR A S A R
BN RITAR TR A (AR [X 4, AT AS e 5 1) 75 125 A
FHIRTE, PSS I T LU Sk RAE B (5
S, B g R A S S LR T 7 A A A A
SR AT AFRAE AN S,

P AL BTV SRR N A S AL
T (0 9F 5 34 [ 4 3E 7 DASTE 72 30 I 0 47 35k 1 B ok %
FE. RGP R 5 A LA S R A A
HOR P TR, VS AR A A AR — 2 AT
KRN G SR LRI R, SRR 2
K R XN YA 55, S S MRS
DL P A S A B VRS 2 R B s, A
BRIER Y S S R 56, W LU IR s 1 T
FR 50 S P T RS B, X A P b B

T LA AR 2 BRI SR AE S5 BT B R
S S0 T 1 7 0 R i TR AR AN L e A
FAXF BB e, HRAE 22 M Bh RS AR I 3h 31 g
ESRAARMER, BIESEESLRMER KRR,
AT DA S AR S (R R, AR IR S 3 A AR
A LATF A o Y (E14). XiaoZe NS TR T
WAAALIR DI R A, R AL — 52 K =
1 16 B B I A g D AS B4 v 75 3] 5 i ik F) 7 o 45
S, A RN 2 A 7T 20164 1 H £ XI23-13 H
FEA20HIHEDAS R G R I R HR I3 T T 248
TRINIZ WS S8, @RI DAS M4 FH 5 T Herpr sz
bR K, AR BN,

XTI K AR B 0,  BukhamsinZg N\ PP
o I A S SR AR K AR R i T vk, 7E
RA TN KPR RTIR T, AT5ehAE S
L VR VR R PR R P A A R R
BEFF T A £ R R R A1 85 5 4 T A SO 2 45 R R
H, T VR AR R AR B A 5 R T 4 5 P AN
A AT HI A58, MR St 7 5 B AT SR HH AR Ak
(K145 o5 L.

375



W Bl 85 7K 3 2R A1 OB 2T 7 % T P 2 P 5 7 7 8 e

Stage 4A . . Stage 4B
(Before Diversion) Deployment of Diversion (After Diversion)
DAS) 1900 % T % o n® T T » T w B ® VD

W
Ol kv 1 )
W R OO ¥

;w b % 13 )
e il 1 |
Pih by

L RO b ) O

- liu-&'* ”

:
s100 ,._..‘.d \' 1 ‘,\}
2600 H i / LI_Y_.f—l 4
g | Ay 'h
A A A A A 7
Start of stage|  Start of proppant End of proppant Diversion Start of proppant pEcTSpint Endof | o ::“"'_"_
stimulation placement A placement A Deployment placement B | Stimulation Downhole ——
placement B Rates
Initially there was  DAS indicates that All PCs started to All PCsinitially ~ Strong  PCs 4.1,4.2, Most proppant Toral —
even distribution ~ PC 4.6 stopped warmback  cool down after pressure 4.3 and 4.4 was diverted to Chan ==
between all PCs  taking the treatment (butPCs 42,45  pumping  response started to WB PCs 4.5and 4.6 Soncantroliony
(both DAS/DTS) (There was no and 4.6 lagged restarted  as diversion as indicated by Downhole =
appreciable WB in behind) reached both DAS and Tonnage
DTS!) the PCs DTS Downhole =

B 3 (W% E)DAS 5 DTSE: A Wl KT H 2 2 5 2t ) i 72

Figure 3 (Color online) Diversion processes during multi-stage fracturing in a horizontal well monitored by DAS and DTS [53].
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Figure 4 (Color online) Plot of frequency with wavenumber calcu-
lated from DAS fluid flow monitoring data [56].
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Figure S (Color online) Acoustic energy data obtained by DAS monitoring in a horizontal well during limited-entry fracturing [51].
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Application and research progress of distributed optical fiber acoustic
sensing monitoring for hydraulic fracturing

SUI WeiBo'”, LIU RongQuan” & CUI Kai’

! State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum (Beijing), Beijing 102249, China;
? College of Petroleum Engineering, China University of Petroleum (Beijing), Beijing 102249, China

Unconventional reservoir hydraulic fracturing technology has experienced significant progress; however, it has also faced enormous
challenges. Distributed fiber-optic acoustic sensing technology (DAS), as the latest development of distributed fiber-optic sensing
technology, has been applied to hydraulic fracture monitoring in shale and tight sandstone reservoirs in the United States in recent
years. Based on the working principle of DAS technology, this paper summarizes the equipment composition and main installation
types of a DAS system, and systematically summarizes and analyzes four types of DAS applications in hydraulic fracture monitoring.
In addition, it presents a discussion of the technical principles of different applications, the latest application discoveries in oil fields,
and related theoretical research progress. Four types of applications include wellbore activity monitoring, fracturing fluid profiling,
microseismic monitoring, and strain monitoring. In addition, the limitations of various applications and related research topics are
discussed. This paper provides a technical reference for the further understanding and application of DAS technology in the
development of unconventional resources in China.

hydraulic fracturing, distributed acoustic sensing (DAS), flow profiling, microseismic monitoring, strain
monitoring, research progress
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